T he ultimate goal for modern dentistry is to restore the patient to normal facial contour, function, aesthetics, speech, health, and comfort. 1 Clinical studies on humans and animals have shown that immediately loaded implants develop bone at the implant surface and are able to tolerate occlusal forces. 1, 2 The choice of an occlusal scheme for immediately loaded implant-supported prosthesis is broad and often controversial. 3 Because of this controversy, it would be wise to study the effect of different occlusal schemes in immediately loaded implants to assess the possible consequences on the supporting structures of the dental implants.
Various immediate loading protocols for dental implants have been advocated 4, 5 :
• Immediate Functional Loading Protocol (Direct Occlusal Loading Protocol): where the restoration makes full contact with the opposing dentition.
• Immediate Nonfunctional Loading Protocol (Indirect Occlusal Loading Protocol): where the restoration makes no direct contact with the opposing dentition.
• Progressive Loading Protocol:
where the restoration is restored with light contact initially and then gradually brought into full contact with the opposing dentition. The concept of progressive loading arose in 1980 based on empirical information supporting the idea that lowgrade bone stimulation of gradual loading will allow bone to mature, grow denser and improve in quality. 6 Nonfunctional immediate teeth reported by Misch and Scortecci 7 entail a procedure that allows progressive loading of the implant.
Roberts et al 8 and Rotter et al 9 described the progressive loading protocol as a method to control the load applied onto the dental implant by controlling the size of the occlusal table, the location of the occlusal contacts, the firmness of the diet, and the absence of cantilevers. In a clinical study performed by Appleton et 
MATERIALS AND METHODS
Five patients were selected from the outpatient Prosthodontics Clinic, Faculty of Oral and Dental Medicine, Cairo University. Patients were with unmodified Class I Kennedy mandibular arch with equal bilateral distal extension length showing normal maxillomandibular relationship (Class I angle classification), with no parafunctional habits and free from any systemic disease. The average patient's age was 40.3 years. The opposing arch (maxilla) was completely dentulous either by a complete set of natural dentition or restored with satisfactory fixed restorations.
ScrewIndirect one-piece implants (ImplantDirect LLC Spectra-System Dental Implants, Calabasas Hills, CA) were the implants used in this study. For each patient, 6 osteotomies were prepared to receive 6 implants, 3 on each side of the patient's dental arch at the premolar/molar mandibular region over which 3-unit screw-retained fixed/ detachable restorations were constructed. The insertion torque of the implants was checked by an adjustable torque wrench at 30 N cm. 11 Patients were strictly instructed to follow a soft diet protocol for the first month.
Hours After Surgery
The provisional restorations were delivered to the patients. On one side of the dental arch, the acrylic resin was constructed to be in "infraocclusion". Infraocclusion was defined as a piece of 0.025-mm thick shim stock passing freely through the occlusal contact region with no resistance. This side was referred to as the "Immediate Progressive Loading side."
On the other side of the dental arch, the acrylic resin was constructed to be in direct (full) occlusal contact with the opposing maxillary teeth. This side was referred to as the "Immediate Functional Loading side" where the following occlusal protocol was followed:
• Evenly distributed occlusal contacts and force (Cusp-fossa/cuspembrasure occlusal contacts).
• Wide freedom in centric occlusion (wide groove and flat fossa).
• Slight reduction of the cusp inclination especially the buccal inclines of the mandibular buccal cusps was performed to avoid interference in lateral excursive movements of the mandible.
• Narrowing the buccolingual and mesiodistal dimensions of the prosthesis.
1 ⁄Months After Surgery
The occlusion of "The Immediate Progressive Loading Side" was adjusted into light (point) contact. A small mix of self-cure tooth-colored acrylic resin was adapted over the central fossae of the occlusal surface of the restoration. The patient was then asked to close lightly over a 0.025-mm shim stock placed on the doughy acrylic resin which was then left to fully polymerize. The 0.025-mm plastic shim stock was pulled out with resistance when the patient was applying maximum biting force. Using this technique, axial forces are transmitted to the implant body ( Fig. 1, A) .
Months After Surgery
Two weeks later, the occlusal contacts of "The Immediate Progressive loading Side" were adjusted into full contact (area contact) over the central fossae only. A normal diet was allowed 3 months after surgery ( Fig. 1, B ).
1 ⁄2 Months After Surgery
Two weeks later, the occlusal contacts of "The Immediate Progressive loading Side" were adjusted so as to allow contact over the central fossae and buccal inclines of the lingual mandibular cusps. No contact was allowed over the buccal and lingual inclines of the buccal mandibular cusps (Fig. 1, C ).
Months After Surgery
The occlusal contacts of "The Immediate Progressive loading Side" were adjusted into full contact as that followed in "The Immediate Functional Loading Side" (Fig. 1, D) .
The dental implants received the final metal ceramic screw-retained restoration with an occlusal surface designed to make full occlusal contact with the opposing dentition.
Radiographic Follow-Up
Radiographic assessment was performed using dental computed tomography (General Electric Co., Light Speed Plus 4-Multislice CT machine, USA) at 0, 4, 9, and 24 months after surgery. After obtaining the images, a computer software program (Mimics, Materialise HQ, Leuven, Belgium) was used, whereby coronal and sagittal reformatting and panoramic views were obtained (Fig. 2) . The crestal bone density and bone height were measured at each implant site to obtain 4 readings: middistal, mid-mesial, mid-buccal, and midlingual around each implant for both groups (Figs. 3 and 4) . The mean values were calculated, tabulated and statistically analyzed.
RESULTS
The results comprised the assessment of the hard tissue reaction (bone density and bone height) surrounding the 3 implants placed bilaterally in each side of the posterior mandibular areas as a result of 2 different immediate loading protocols; the immediate functional loading protocol and the immediate progressive loading protocol at 0, 4, 9, and 24 months after implant installation.
At the end of this study, all implants were considered osseointegrated. None of the subjects evidenced peri-implantitis, peri-mucositis, or clinical implant mobility in any direction. No pain was as well noted on palpation, percussion, or function.
Statistical Methods
Data management and analysis were performed using Statistical Analysis Systems. To measure the effect of time, surface (buccolingual or mesiodistal) and loading protocol (the immediate functional group versus the immediate progressive group) on the percentage change of the bone height and bone density, a 3-way repeated measures analysis of variance was performed as described by Dawson and Trapp. 12 P values Յ0.05 were considered significant.
The Bone Height
The mean values (m) and SD measured in millimeters (mm) of the buccolingual and mesiodistal bone height in the immediate functional and the immediate progressive loading group at 0, 4, 9, and 24 months are shown in Table 1 and Figure 5 . There was a statistically significant decrease (P ϭ 0.011) in the percentage change of the crestal bone height of the immediate functional loading group than the immediate progressive loading group in both the buccolingual and mesiodistal surfaces along the whole study period. There was no statistically significant difference (P ϭ 0.208) between the mesiodistal and the buccolingual surfaces in both groups along the whole study period. There was, however, a statistically significant decrease (P Ͻ 0.001) in the time period of 0 to 4 months than the time period of 4 to 9 months.
The Bone Density
The mean values and SD measured in Hounsfield Unit of the buccolingual and mesiodistal crestal bone density in the immediate functional and the immediate progressive loading groups at 0, 4, 9, and 24 months are shown in Table 1 and Figure 6 . There was a statistically significant decrease in the percentage change of bone density (P ϭ 0.009) of the immediate functional loading group than the immediate progressive loading group in both the buccolingual and mesiodistal surfaces along the whole study period. On the other hand, there was no statistically significant difference (P ϭ 0.241) between the mesiodistal and the buccolingual surfaces in both groups along the whole study period. There was, however, a statistically significant difference (P ϭ 0.023) in the bone density percentage change in the time period of 0 to 4 months than the time period of 4 to 9 months and no statistical difference (P Ͼ 0.05) in the time period of 9 to 24 months in both surfaces and groups as shown in Figure 6 .
DISCUSSION
Analysis of the periimplant bone height revealed a reduction in the bone height around the implants in both the immediate functional loading group and the immediate progressive loading group. This might be attributed to the fact that the interface between the implants and bone begins to remodel due to 2 main causes as reported by Parfitt 13 ; the surgical trauma and the mechanical loading response produced by the immediate delivery of the implant prosthesis leading to the inevitable crestal bone resorption.
Statistical analysis showed a more favorable bone reaction in the immediate progressive loading group in both the buccolingual and mesiodistal surfaces along the whole study period. This was in accordance with a study performed by Appleton et al 10 who demonstrated that progressively loaded single osseointegrated implants placed in the posterior part of the maxilla showed less marginal bone height loss than in the conventionally loaded implants. Roberts et al 8 also confirmed in another study that the decreased crestal bone loss around the progressively loaded implants together with the increased bone density are due to the response to a stress level that stimulates bone growth and maturation.
The results also demonstrated that there was a statistically significant increase in the crestal periimplant bone resorption in the time period from 0 to 4 months than the time period of 4 to 9 months and in the time period of 4 to 9 months than the time period of 9 to 24 months. Roberts et al 14 explained that the surgical process of the implant osteotomy preparation, implant insertion and prosthetic loading cause a regional accelerated phenomenon of bone around the implant-bone interface resulting in crestal bone loss during the first 3 to 4 months. Bone remodeling from mechanical strain does not only repair damaged bone but also adapts to its new biomechanical situation thus explaining the reason why the amount of bone height reduction decreased in the study period of 9 to 24 months. This was in accordance with Slaets et al 15 who also demonstrated that the bone offered good adaptation possibilities in immediately loaded implants rendering adequate osseointegration. Moreover, Vercruyssen and Quirynen 16 concluded that the amount of annual bone resorption is reduced after the first year of initial bone remodeling.
Regarding the crestal periimplant bone density, the percentage change of the bone density was significantly greater in the immediate progressive loading group than the immediate functional loading group at both sides along the whole study period. In the immediate progressive loading group, data obtained from the radiographic follow-up showed a continuous increase in the crestal bone density in the first 9 months of this study. This was in accordance with the findings of Misch 6 who mentioned that progressive loading attempts to control the level of stresses transmitted to the damaged crestal bone. The load applied matches the load-bearing capacity of the maturing bone leading to an increase in the periimplant bone density. Roberts et al 8 added that the high stress produced in this region causes remodeling of the immature bone that is still undergoing lamellar compaction and crystal growth thus explaining the reason behind this increase in the bone density.
On the contrary, there was a significant decrease in the bone density of the immediate functional loading group from 0 to 4 months. This might be attributed to the fact that the amount of load transmitted to the implant-bone interface in this region might be beyond the physiologic limits of bone; "pathologic overload zone" as reported by Frost. 17 This results in additional biomechanical influences that greatly affect the bone 18 This is also in agreement with the findings of Piattelli et al 19, 20 who reported that the increase in bone density around loaded implants is a biological response to the mechanical stress below a certain threshold, whereas loss of marginal bone and decrease in the periimplant bone density may be the result of a mechanical stress beyond this threshold.
CONCLUSION
Immediate progressive loading of implants yielded a more favorable bone reaction at the bone-implant interface than the immediate functional loading throughout a 2-year study period as it controlled the level of stresses transmitted to the damaged crestal bone thus preserved the periimplant bone height and improved the periimplant crestal bone density. There was, however, an improvement in bone height and density over time in both groups due to the bone accommodation.
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PALABRAS CLAVES:
analizlere göre hemen progresif yükleme grubu, hemen fonksiyonel yükleme grubuna nazaran daha olumlu kemik reaksiyonu vererek, kret kemik yüksekliginde (P ϭ 0.011) ve kret peri-implant kemik yogunlugunda (P ϭ 0.009) istatistiksel açıdan anlamlı bir farklılık gösterdi. Sonuç: Hemen progresif yükleme protokolü, peri-implant kret kemiginde daha önceden tahmin edilebilir bir kemik reaksiyonu oluşturdugu gibi, hemen fonksiyonel yükleme protokolüne nazaran daha olumlu implant prognozu da saglar. Bu da, progresif yükleme veya uyarının iki yıllık implant takip döne-minde kemigin olgunlaşmasına ve yogunlaşmasına olanak sagladıgı düşüncesini desteklemektedir.
ANAHTAR KELİMELER: hemen yükleme, progresif yükl-eme, fonksiyonel yükleme, kemik yogunlugu, bilgisayarlı tomografi
